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Foxp3 Modulation of Quercetin-3-O-rhamnoside and Its Impacts

on Lupus Nephritis Mice
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ABSTRACT
3 round: Quercetin-3-O-rhamnoside (QUE) has anti-inflammatory and
.anﬁ»osadawa‘ effects which probably beneficially used in lupus. Objective:
Thls research was focused on analyzing the effects of QUE on FOXP3 mod-
ulation to result in an anti-inflammatory outcome in the kidney of severe
lupus mice MMThis research used Pristane-induced female BALB/c
lupus rniee and the blomarkers involved in were CD4*CD25 T reg cells,
 FOXP3T. c:qllz’,l anti-Sm. 11:6, and hlsppathsolow assessment of the kidney
“of lupus ml’ce The QUE g group was treated and compared to the negative
'control whndw received placebo, and the positive control which received
cvclophosphamrde Results: QUE increased the number of CD4*CD25*
T reg cells (negative control: 3.01+3.43%; QUE: 18.77+5.12%; positive control:
3.26£11.09%), and FOXP3 significantly (p <0.05) (negative control:
1.14£0.64%; QUE 2.00+1.45%; positive control: 1.73£1.14%). The anti-
- Sm level did not decrease, meanwhile the IL:6 decreased significantly, and
the hlstopamologlml assessment of the kldney reveal the repairing effects
= of QUE on glomeruli, Conclusion: QUE has an anti-inflammatory activity

which reducas the severity of lupus nephritis signs in lupus mice by initially

INTRODUCTION

Quercetin is a single compound that was expected to be effective to
treat severe lupus manifestations because of its well-known anti-inflam-
matory ' and anti-oxidative effects.? This compound is predicted as an
active marker of many medicinal plants which are examined as more
safe, useful, and promising for lupus than the current treatments. Quercetin
is also suppressing the manifestations of rheumatoid arthritis, a kind of
autoimmune disease in rat model induced by using Complete Freund’s
Adjuvant (CFA) and collagen. However, there is no data about the effect
of quercetin on lupus.

In this research, we challenged quercetin in the form of its O-glycoside,
named quercetin-3-O-rhamnoside (QUE) to determine its efficacy on
lupus mice induced by using Pristane. The O-glycoside form was chosen
because it has a better solubility than its aglycone,* so the QUE will be
absorbed better. The QUE better absorption profile supports the advan-
tage of QUE which has lower side effects in usual dose and in a long-term
lupus treatment, compared to the current treatments. However, the effect
of QUE needs to be analyzed by a series of lupus biomarkers. In this case,
aligned to its anti-inflammatory effect, we chose the T cell-dependent
pathway of lupus pathogenesis which consists of T regs (CD4'CD25'
T cells and FOXP3" T cells), anti-Smith (anti-Sm) antibody, IL-6, and
the histopathology assessment of the kidney of lupus mice. Lupus mice
which induced by using Pristane is an appropriate lupus model which
reveals severe lupus signs as human lupus.®® Therefore, this study aimed
to determine the QUE effects on T cell-dependent pathway biomarkers
of lupus pathogenesis on lupus nephritis mice, which focused on FOXP3
modulation at the initial phase.

increasing the CD4'CD25* and FOXP3* Tregs numbers. QUE\
be further developed as a safe treatment choice for tupus ns;ihrﬁ{&

Key words: Glomerulonephritis. |16, Lupus, Pnstane.Tregs.

Key message: ThaeﬁmcyofOUEasasafedfugonlum ‘ ¢
dominantly by modulating the CDd*CMS‘FOXPa*T rona:wo at th
and the glomerulonephritis decreased significantly, s
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MATERIALS AND METHODS

Materials

Quercetin-3-O-rhamnoside (QUE) was obtained from a Sigma-Aldrich
distributor in Singapore. The female BALB/c mice aged four weeks which
were stated as Species Pathogen Free (SPF) were purchased from the
animal breeding of LPPT Unit 4, Gadjah Mada University, and then
housed in animal laboratory of Faculty of Pharmacy, Universitas
Airlangga under standard conditions. Pristane, a chemical to induce
lupus mice was obtained from Sigma Aldrich. Anti-CD4, anti-CD25,
anti-FOXP3, and anti-IL-6 were purchased from Biogenesis USA via
Laboratory of Molecular Biology, Brawijaya University. Anti-Sm ELISA
kit for mice was obtained from Cusabio. The chemicals used for
hematoxylin-eosin staining was provided by the Laboratory of Veterinary
Medicine, Universitas Airlangga.

Methods

Thirty female BALB/c mice with severe lupus nephritis signs (which
previously injected by using Pristane) were calculated by considering the
standard of deviation of our previous study.**” They were randomized
and divided into three experimental groups that consist of 10 mice per
group: a negative control group which received placebo, a QUE group
which received quercetin-3-O-rhamnoside at a dose of 21 mg/kgBW?,
and a positive control group which received cyclophosphamide at a dose
of 1 mg/kg BW. In fact, cyclophosphamide is used as an off-label drug
for lupus. It has a probable nephrotoxic side effect, so that we used other
reference. We tested three healthy mice as a comparison only for kidney
tissue parameter, but not included in the experimental group.

This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others
1o remix, tweak, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
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The treatments lasted for 21 days. At the end of the experiment, we
performed an intra-cardiac injection to take the maximum volume of
whole blood of each mouse. The serum of each mouse was used to examine
the anti-Sm and 8-OHdG level by using ELISA kits. Then, the mice were
sacrificed by cutting their aorta. The mice spleens and bone marrow were
suddenly prepared and analyzed as the flow cytometry samples in the
phosphate buffer saline (PBS). The fluorescence staining was done by
using phycoetrin (PE). Finally, the kidneys and the joints were isolated
and then prepared well to become 4-6 pum thickness of histological
specimens for hematoxylin-eosin (HE) staining. The microscopic obser-
vation of the kidney was done by using a light microscope (Nikon Eclipse
Ci) at a magnitude of 400x, and then the joint inspection was done by
using Optilab microscope at a magnitude of 40x. The histopathology
assessment was done by performing semi-quantitative analysis by
following Moroni’s method (kidney assessment). All the data were
analyzed by facilitating of SPSS statistics. The ethical clearance of this
research was certified by an ICUC of Faculty of Veterinary Medicine,
Universitas Airlangga with the number of 512-KE.

RESULTS

The female BALB/c mice used in all experimental groups of this study
were severe lupus mice which indicated by the high protein level in the
urine (+100 mg/dL). Their body weights were 20-35 g before the treat-
ments started. We randomized the three groups based on body weight, so
that we obtain the homogenous baseline between experimental groups.

QUE has high anti-inflammatory and antioxidant activities. Its anti-
inflammatory effect correlates to T regulatory (T reg) cells. A T reg which
plays a crucial role in repairing autoimmune condition is CD4'CD25* T
reg cells (Figure 1). QUE increase the relative percentage of CD4'CD25*
T reg cells significantly (p<0.05). It means that the higher CD4'CD25' T
cells will maintain the balance of immune responses in lupus mice and
predicted to reduce the systemic inflammation in severe lupus. However,
this activity was further validated by a T cell-specific biomarker, FOXP3
to avoid a false positive data. The FOXP3 relative percentage in the QUE
group increased significantly (p<0.05) (Table 1), reveals the better immune
response controlling activity. Quercetin has a high activity of anti-
inflammatory effect. The increase of T reg in this result reveals the
inflammatory controlling effect and the regulation of lupus auto-reactive
T cells, so that the inflammatory manifestations in lupus mice can be
decreased. The lupus-inflammatory manifestations will decrease if T regs
have its usual number and function. Inflammation in lupus is a result of
immune complexes which consist of auto-antigens and auto-antibodies.

There are a wide variety of lupus-specific antibodies.® A lupus drug
candidate is highly potential if it reduces anti-Smith (anti-Sm) antibody,
which is the main antibody that affects the tyrosine kinase.” Therefore,
anti-Sm trigs the production of a lot of lupus-specific antibodies. In this
study, we measured the anti-Sm level (Table 2) in the blood of each lupus
mice. QUE did not reduce the anti-Sm level significantly. It indicates that
the target site or the heat of QUE is dominantly in anti-inflammatory
activity, not in immunosuppressive activity. This is also a limitation of
the use of anti-Sm as an antibody biomarker of lupus which is not as
specific as anti-dsDNA since anti-Sm is a general trigger for some lupus
antibodies. However, anti-dsDNA measurement in this mice model is
not a good choice because no more than 40% of all induced mice
produce anti-dsDNA, but more than 80% of them have high concentra-
tion of anti-Sm. However, this result will be supported by the further
research about the effect of QUE on some lupus-specific antibodies, such
as anti-dsDNA, anti-histon, and anti-nucleosome.

In this study, the anti-inflammatory activity of QUE was measured by
analyzing a pro-inflammatory cytokine, IL-6 (Table 3). The total IL-6
significantly decreased (p<0.05). It indicates the lower signs of systemic
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Figure 1: Profile of percentage of CD4*CD25* T cells of the negative control
group (n=10) (a), QUE (n=10) (b), and the positive control (cyclophosphamide)
group (n=10) (c) which measured from the mice spleen cells by using PE
staining, by facilitating of a flow cytometer BD FACS Callibur and BD CellQuest
program.

Table 1: Profile of the relative percentage of FOXP3* T cells which was
measured in the mice spleen cells of the three experimental groups
by using PE staining in flow cytometer BD FACS Callibur which was
supported by BD CellQuest program (n=10),

*significantly different to the negative control group (p <0.05) using Oneway
ANOVA calculation in SPSS Statistics

Table 2: The anti-Sm level in the blood of three tested groups after the
treatment period (n=10).

The analysis result is not significantly different to the negative control group
(p <0.05) using Oneway ANOVA calculation in SPSS Statistics

Table 3: Profile of the relative percentage of total IL-6 from all
IL-6-producing cells which was measured by using PE staining in a flow
cytometer BD FACS Callibur, and BD CellQuest program (n=10).

Negative control
QUE 33.08 £ 15.03 o
Positive control e Yoy BN e L S e

*significantly different to the negative control group (p<0.05) using Oneway
ANOVA calculation in SPSS Statistics

inflammation in the QUE groups compared to others. The lowering
inflammation sign effect was directly observed in the kidney, the most
influenced organ in severe lupus (Figure 2). In this case, the cyclophos-
phamide cannot be a golden standard since the nephrotoxicity side
effect.®! Therefore, the normal mice were used as the normal standard
for this microscopic observation in the kidney assessment.

QUE reduces the inflamed glomerulus by reducing some histopathology
indicators (Figure 2). The inflammatory cells deposit in the glomerulus
of QUE group seems lower than the negative control group. The
messangial tissue thickness did not decrease, but the Bowman’s capsules
look wider than the negative control group. These signs are beneficial to
normalize the renal function in severe lupus mice. Beside glomerulus,
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(c) Normal control

Figure 2: The histopathology observation of the negative control group (a)
(n=10), QUE (b) (n=10), and normal control group (c) (n=3) by facilitating

of microscope Nikon Eclipse Ci at a magnitude of 400x. The samples were
prepared into 4-6 um slides with HE is staining. The ruler indicates 10 ym in
length. The pictures represent all mice of each group. The highlighted parts:
blue circle (glomerulus), yellow (tubules), black (proteinaceous cast), red
(epithelial cells of tubules), green (inflammatory cells deposited in glomerulus),
black arrow (glomerular basement membrane), green arrow (mesangium).

the next observation focus was tubules. Tubules are part of the kidney
which can recover from damages. Tubulus in the QUE group has
undamaged nucleuses and has the regular appearance. The tissue
condition around the glomerulus and tubules of QUE group still look
unstructured compared to standard (Figure 2c). Furthermore, this
detailed assessment was verified by using a semi-quantitative evaluation.

The semi-quantitative assessment was done by following Moroni’s method
(2016)" which focuses on the damage signs of glomeruli in 10 micro-
scope observation fields. According to the assessment, we obtain the
data of the change of kidney pathology severity caused by QUE (Table 4).
Glomerulus inflammation decreased significantly (p<0.05) in QUE
group. The percentage of damaged glomeruli (>+3) is about 1:8
compared to the negative control group. This result confirms the detailed
assessment and the IL-6 analysis results. At last, the anti-inflammatory
effect of QUE was proven to reduce the severity of inflammation sign in
lupus nephritis mice.

DISCUSSION

Quercetin-3-O- rhamnoside (QUE) have a better absorption profile
and solubility on the gastrointestinal tract than its aglycone, quercetin.
Quercetin has proven to maintain rheumatoid arthritis in a rat model.>*
In this research, we challenged the QUE to treat a severe lupus nephritis
mice model and then we measured the biomarkers of T cell dependent
pathway of lupus pathogenesis. At the first biomarker, we found an
inspiring result in the T reg marker of CD4'CD25" T cells and FOXP3 T
cells. Tt increased drastically after receiving QUE for three weeks (Figure 1
and Table 1). T regs profoundly decreased in severe lupus condition,
both in lupus patient and lupus mice significantly. The low number and
low activity of T regs impact on the disorganized T cell regulations which
result in the high number of autoreactive T cells.'*/>'%!” Therefore, the
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Table 4: The semi-quantitative analysis of kidney of lupus mice based on
Moroni's method (n=10).

2.94£0.18
1.18£0.10*
-3.16+0.84

Negative control
Positive control

*significantly different to the negative control group (p <0.05) using Oneway
ANOVA calculation in SPSS Statistics

auto-reactive T cells attack the healthy cell since the abnormal recognizing
of “self™'*!* The genetic factors might be a cause of this disorder,”**' but
there are a lot of factors that also might be contributed in. The factors
include molecular mimicry, genetics, and epigenetics. In the previously
research, the relative percentage of T regs FOXP3 in mice was lower
than normal. The very low T regs cannot eliminate the high number of
auto-reactive T-cell formed in the body, so the glomerulonephritis
severity signs increased rapidly. After the period of QUE administration,
the fact of QUE increases the T reg number is a positive outcome which
beneficially affects on lowering the auto-reactive T cells so the lupus
manifestation can be handled. The glomerulonephritis occurred by the
deposition of immune complex. There is a wide variety of immune com-
plexes trapped in the glomerula. It results in inflammation, but not all
the glomerula permanently damage. QUE led the inflamed glomerula
to return to the occasionally form so it appears as the normal glomerula
with the higher function than the inflamed ones.

In severe lupus, auto-reactive T cells lead the B cells to produce lupus-
specific antibodies.” The lupus-specific antibodies are named by their
target, such as anti-dsDNA, anti-histon, anti-C1, etc. However, one of
them is not appointed by its target, called anti-Smith (anti-Sm). Anti-Sm
trig other auto-antibodies to be produced in an abundant, and then
result in the more severe lupus manifestations.”” In this research, QUE did
not reduce the anti-Sm level significantly. The same effect also happened
to the positive control group which received cyclophosphamide. It indi-
cates that QUE mechanism is not by lowering the anti-Sm level. Further
investigation is needed to find the other antibodies reduced by QUE.
Nevertheless, the anti-inflammatory might be a core mechanism of the
QUE efficacy on severe lupus mice. Therefore, we find that QUE reduces
the total IL-6 significantly, reveal the lower cause of inflammation. The
low number of pro-inflammatory cytokine will automatically reduce the
anti-inflammatory cytokines.**** This data was confirmed by the histopa-
thology observation which proved that the QUE reduces the glomerulus
inflammation.

The effect of QUE on three steps of T cell dependent pathway of lupus
pathogenesis studied can be an excellence of QUE than other compounds
tested for severe lupus. At last, this study provides a sufficient data about
the effect of QUE to reduce lupus manifestations in lupus mice since it
increases the number of Tregs FOXP3, It is preciously useful to control
the auto-reactive T cell not to damage “self” cells and tissues, and then
the QUE can be developed to be a new safe and effective drug for severe
lupus, especially lupus nephritis.

CONCLUSION

QUE has an anti-inflammatory activity which reduces the severity of
lupus nephritis signs in lupus mice by initially increasing the CD4*CD25
and FOXP3* Tregs numbers. QUE is potential to be further developed as
a safe treatment choice for lupus nephritis. However, the QUE effects on
various lupus auto-antibodies need to be confirmed.
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ABBREVIATIONS USED

ACR: American College of Rheumatology; CD: cluster of differentiation;
FOXP3: Forkhead box pro 3; Kg BW: kilograms per body weight; QUE:
Quercetin-3-O-rhamnoside; SLICC: Systemic Lupus Collaborating
Clinics.

SUMMARY

Quercetin-3-O-rhamnoside (QUE) reduces the lupus sign in TMPD-
treated lupus mice. QUE increased the relative percentage of CD4*CD25*
Treg and Foxp3 T reg cells significantly. The high T reg number increases
the immune controlling mechanism of auto-reactive cells in lupus, so the
lupus manifestations can be inhibited.
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SUMMARY

Quercetin-3-O-rhamnoside (QUE) reduces the lupus sign in TMPD-
treated lupus mice. QUE increased the relative percentage of CD4'CD25*
Treg and Foxp3 T reg cells significantly, The high T reg number increases
the immune controlling mechanism of auto-reactive cells in lupus, so the
lupus manifestations can be inhibited.
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